RESUMEN
INTRODUCTION
Oleuropein, a heterosidic ester of ß-glucosylated elenolic acid and 3,4-dihydroxy-phenylethanol (hydroxytyrosol), is the main natural phenolic compound responsible for the bitterness of unripe olives (Kailis and Harris, 2007) . Its content in olives is affected by the cultivar, culture conditions and degree of ripeness (Amiot el al., 1986) . Debittering green olives is necessary in order to facilitate their transformation into an edible product. The main conventional method of green table olive preparation is based on the alkali-treatment of fruits to assure their complete debittering (Fernandez Diez et al., 1985) . However, this chemical treatment, assuring the chemical degradation of oleuropein, leads to high losses in the nutrient values of the processed olives (Kailis and Harris, 2007) . Oleuropein is well known for its antimicrobial activity, particularly against lactic acid bacteria (LAB) (Fleming et al., 1973; Ruiz Barba et al., 1993; Medina et al., 2008) , highly desired to assure the lactic fermentation of green olives (Asehraou et al., 1993; Fernandez Diez et al., 1985) . L. plantarum is the most frequently studied species for its resistance and the biodegradation capacities of oleuropein and other phenolic compounds in olives (Ciafardini et al., 1994; Marsilio et al., 1996; Rozes and Peres, 1996; Marsilio and Lanza, 1998; Rodriguez et al., 2009) . However, limited studies have been done on the influence of these compounds on other LAB species associated with the natural olive l fermentation process, including L. pentosus; L. brevis and P. pentosaceus (Rodriguez et al., 2009) . Extending the study of oleuropein biodegradation to other lactic acid bacteria species associated with the natural fermentation process may lead to the selection of lactic starters more potentially active in biological debittering and to improving the sensorial characteristics of fermented olives.
Selection of oleuropein-degrading lactic acid bacteria strains isolated from fermenting Moroccan green olives
Several studies have demonstrated the beneficial effects of oleuropein for its hypotensive, hypoglycaemic, antibacterial and antiviral activities (Gonzalez et al., 1992; Hansen et al., 1996; Manna et al., 2002) and for its antioxidant activity and its capacity to lower blood pressure (Zarzuelo et al., 1991) . Therefore, the preparation of table olives, SELECTION OF OLEUROPEIN-DEGRADING LACTIC ACID BACTERIA STRAINS ISOLATED FROM FERMENTING MOROCCAN… D-glucoside (X-Gluc) (Sigma Aldrich) was spread onto an MRS agar medium, and then inoculated by spreading 5 μl of an overnight culture of each LAB strain tolerating 10% (w/v) of OLE and 1% (w/v) of oleuropein. The incubation of the plates, made in duplicate on 156 strains, was done at 30°C for 7 days. The colonies of the strains producing β-glucosidase display a blue color.
Use of oleuropein as substrate
The LAB strains tolerating oleuropein (156 strains) were inoculated by spreading 5 μl of an overnight culture on modified MRS agar containing (g/l): oleuropein, 10; pepton, 10; yeast extract, 4; dipotassium phosphate, 2; diamonium citrate, 2; sodium acetate 1.5; magnesium sulfate, 0.2; manganese sulphate, 0.05;Tween 80, 1 ml and agar, 15. The final pH of the medium was adjusted to 7.4. The incubation of the assays, made in duplicate, was done at 30°C for 7 days. The strains developing colonies on the medium were considered able to use oleuropein as the sole carbon source.
Oleuropein biodegradation confirmation
Four LAB strains showing high oleuropein biodegradation and X-Gluc reaction capacities were inoculated in modified MRS broth containing oleuropein (1%, w/v) as the sole carbon source. The final pH of the medium was adjusted to 7.4. 5 μl of overnight cultures of about 10 5 cfu/ml of each LAB strain; they were inoculated separately in 5 ml of modified MRS broth and then incubated at 30°C for 7 days. The control consisted of 5 ml of noninoculated, modified MRS broth incubated in the same conditions as described above. The cultures and the control were then centrifuged at 1000 rpm/10min, and phenolic compounds were extracted from the supernatant three times with ethyl acetate (8:2, v/v). After decanting, the organic phase was harvested and left in the dark for 30 minutes in the presence of disodium sulfate and then evaporated to dryness at 50°C. The residue obtained was dissolved in 1 ml of methanol and then analyzed by an HP isocratic HPLC, with an HP UV detector at 280 nm and a C18 Supelcogel column (C-610H, 30cm x 7,8mm) maintained at 40°C. The mobile phase consisted of acetonitryl-methanol (1:1, v/v) (solution A) and milli-Q water acidified with acetic acid to pH 3.2 (solution B). Samples filtered through PVDF syringe filter (Sartorius, France). After filtering, a volume of 20ul was injected at a flow rate of 1 ml/ min. The gradient used was the same as described by Mateos et al., (2001) .
RESULTS AND DISCUSSION

Identification of LAB strains
The LAB strains isolated from the early stage of naturally fermenting non debittered green olives, and identified with 98 to 99.9% positive results, were containing the acceptable bitterness of oleuropein and its degradation products, will improve the nutritional value of processed olives and their beneficial effects on consumer health. The main objective of this work is the selection of LAB strains degrading oleuropein from a pool of bacterial strains isolated from the natural fermentation of non-debittered green olives.
MATERIALS AND METHODS
Isolation of lactic acid bacteria strains
The LAB strains used in this work were isolated from the early stage of the natural fermentation of the non-debittered Moroccan Picholine green olive variety conducted at industrial scale. A volume of 0.1 ml of brine was streaked on the Man, Rogosa and Sharpe (MRS) agar medium (BIOKAR Diagnostics) supplemented with cycloheximide (0.01%, w/v) (Sigma Aldrich). The cultures were then incubated at 30°C for three days. The isolates showing a Gram positive stain, no spore-forming cells and a catalase negative reaction were selected and then purified on MRS agar and stored at 4°C for further studies.
Identification of LAB strains
The LAB strains isolated (177 strains) were identified according to their morphological, physiological and biochemical characteristics (Sharpe et al., 1979; Kandler and Weiss, 1986) . The tests used were Gram stain, cell form, catalase reaction, gas production and carbohydrate metabolism. The carbohydrate metabolism was studied using the API50 CH gallery procedure as described by the manufacturer (BIOMERIEUX, France). The names of the species were graciously provided by the BIOMERIEUX (France) company using their own API identification software database.
Olive leaf extract and Oleuropein tolerance
A volume of 5 μl of an overnight culture, at 10 5 cfu/ml of each LAB strain was spotted on MRS agar supplemented with olive leaf extract (3, 4, 5, 6, 8 and 10%, w/v) and oleuropein (1%, w/v) (Extrasynthese, Genay, France). The Olive Leaf Extract (OLE) was obtained by dehydrating olive leaves at 105°C for 24 hours and then grinded with an ultraturax type IKA (WERNE, Germany). The incubation of the assays, made in duplicate on 177 strains, was done at 30°C for 3 days. Only strains developing colonies on the medium were considered tolerant to OLE or oleuropein. All the assays were compared to a control not supplemented with OLE or oleuropein.
Detection of oleuropein biodegradation
Use of X-Gluc as substrate
A volume of 0.2 ml of 0.3% (w/v, dissolved in N, N-dimethylformamide) of 5-bromo-3-indolyl-β-N. GHABBOUR, Z. LAMZIRA, P. THONART, P. CIDALIA, M. MARKAOUI AND A. ASEHRAOU high levels of tolerance obtained with these LAB strains may be explained by their natural selection during the spontaneous lactic fermentation of non debittered green olives.
The strains of L. plantarum, L. pentosus and P. pentosaceus, characterized by their homofermentative metabolism, showed high tolerance to OLE and oleuropein. The strains of L. brevis showed the lowest tolerance level. From a technological point of view, the dominance of L. plantarum, L. pentosus and P. pentosaceus, and their tolerance to OLE (up to 10%, w/v) and oleuropein (1%, w/v), suggest their possible use as starters in the controlled fermentation of non debittered green olives.
Detection of oleuropein biodegradation
Among the species showing high levels of OLE and oleuropein tolerance, about 14.74% were not able to degrade either oleuropein or X-Gluc ( Table 2 ). The other LAB strains (85.26%) showed a β-glucosidase activity, with a slight difference between the two methods, which may be due to the visual evaluation of growth and the blue color developed. L. plantarum showed the highest percent of strains producing β-glucosidase and degrading oleuropein as the sole carbon source, followed by L. pentosus, P. pentosaceus and L. brevis. The biodegradation of oleuropein is based on the production of β-glucosidase, leading to the found to be composed of L. plantarum (44.63%), L. pentosus (25.99%), P. pentosaceus (19.77%) and L. brevis (9.61%). These species are naturally occurring in the natural fermentation of green olives (Fernandez Diez et al., 1985; Hurtado et al., 2008; Rodriguez et al., 2009 ). The species L. plantarum, L. pentosus and P. pentosaceus are highly desired in olive fermentation for their acidification capacity and their homofermentative metabolism lacking gas production (Kandler and Weiss, 1986) . The dominance of these homofermentative species indicated the successful development of the natural lactic fermentation process in non debittered Moroccan Picholine green olives. However, L. brevis, characterized by its heterofermentative metabolism, may cause bloater spoilage in olives (Kailis and Harris, 2007) .
OLE and oleuropein tolerance
The results of the OLE and oleuropein tolerance of LAB strains are reported on table 1. All the species studied showed high levels of tolerance, ranging from 73.53% and 95.57% for OLE (up to 10%), and 73.52% and 94.30% for oleuropein (1%). OLE is more tolerated than oleuropein, which may be due to lower concentrations of oleuropein in OLE.
Most phenolic compounds in olives, particularly oleuropein, are known for their antimicrobial effect on LAB growth (Ciafardini et al., 1994; Landete et al., 2008; Rodriguez et al., 2009 ). However, the No: number of strains, *: percent of strains showing positive (growth or blue color production) or negative reaction; for oleuropein biodegradation: +++ : high growth, ++: medium growth, +: weak growth and -: no growth; for X-Gluc biodegradation (reaction): +++: high biodegradation (intense blue color), ++ : medium biodegradation (medium blue color), +: weak biodegradation (weak blue color), -: non biodegradation (no blue color), **: standard deviation. (Ciafardini et al., 1994) , may explain the high biodegradation capacity obtained.
Other phenolic compounds, identified by the comparison of their retention times to the standards (Figure 1 ), mainly tyrosol, gallic acid, p-coumaric acid and ferulic acid, were detected with variable importance in the cultures of L. brevis and P. pentosaceus (Figures 5 and 6) . However, most of these compounds were not detected in the cultures of L. plantarum and L. pentosus (Figures 3 and 4) , which may be due to their biodegradation by these LAB strains as reported in the literature (Rodriguez et al., 2008a (Rodriguez et al., , 2008b .
The biodegradation of oleuropein to hydroxytyrosol and other simple phenolic compounds by L. plantarum, involving β-glucosidase and esterase enzymes, was previously reported (Ciafardini et al., 1994; Marsilio et al., 1996; Marsilio and Lanza, 1998; Landete et al., 2008; Rodriguez et al., 2009) . The accumulation of these simple phenolic compounds, mainly hydroxytyrosol, is highly desired because they increase the safety, nutritional and shelf-life properties of fermented olives (Visioli et al., 1995; Ordoudi and Tsimidou, 2006; Rodriguez et al., 2009 ).
CONCLUSIONS
The selection of LAB strains tolerating and degrading oleuropein from their natural environment, the natural lactic fermentation of non-debittered green olives, led to the selection of a high percentage of strains tolerating and degrading oleuropein. The use of oleuropein and X-Gluc as substrates gave rapid and slightly similar results in detecting the release of glucose and other phenolic compounds (Ciafardini et al., 1994) . This finding indicates the possible use of one of these methods for the rapid detection of LAB strains degrading oleuropein.
Oleuropein biodegradation confirmation
The chromatographic patterns obtained from the extracts of modified MRS broth, containing oleuropein as the sole carbon source, after 7 days of incubation of the four LAB strains studied are reported in Figures 3, 4 , 5 and 6. The oleuropein and its degradation products were identified by comparison of their retention times to standards (Figures 1 and 2) . The results obtained with the four LAB strains showed a drastic reduction in oleuropein accompanied by the accumulation of other phenolic compounds, mainly hydroxytyrosol (Figures 3,  4 , 5 and 6). The accumulation of hydroxytyrosol was reported as the main degradation product of oleuropein and stable at a low pH (Ciafardini et al., 1994; Landete et al., 2007 , Rodriguez et al., 2009 ). This finding clearly demonstrates the oleuropein biodegradation capacity of the studied LAB strains.
The peaks of hydroxytyrosol obtained with L. plantarum (S137) (Figure 3 ) and L. pentosus (S84) (Figure 4 ) are more important than those obtained with L. brevis (S15) ( Figure 5 ) and P. pentosaceus (S3) (Figure 6 ). These results may be due to the high degradation capacity of L. plantarum (S137) and L. pentosus (S84) compared to L. brevis (S15) and P. pentosaceus (S3). The absence of glucose in the medium, previously reported for its partial inhibitory effect on the β-glucosidase activity of LAB 
